Abstract. The present paper is the second of a series dedicated to the study of the magnetic activity in a selected sample of young solar analogues. The sample includes five single G0-G5V stars with ages between 130 Myr and 700 Myr: EK Dra, π 1 UMa, HN Peg, k 1 Cet and BE Cet. In this study we also include the Pleiades-age ( 130 Myr) K0V star DX Leo. Our analysis is based on high precision photometric observations carried out as part of The Sun in Time project, aimed at a multiwavelength study of stars with solar-like global properties, but with different ages and thus at different stages of evolution. In the first paper of this series we presented the photometric observations and determined the existence of starspot cycles and their correlation with the global stellar properties. In the present paper we investigate the surface differential rotation (SDR). The periodogram analysis of the photometric data time series has allowed us to determine the rotational periods and to derive the following results: i) all the selected stars show variations of the rotational period. Such variations are definitely periodic and in phase with the starspot cycle for BE Cet and DX Leo. They are likely periodic and in phase also for π 1 UMa, EK Dra and HN Peg, but still need confirmation. By analogy with the solar butterfly diagram, the rotational period variations are interpretable in terms of surface differential rotation, that is, they are attributable to the existence of active latitude belts migrating during the activity cycle on a differentially rotating star; ii) BE Cet, π 1 UMa and EK Dra show a solar-like pattern of SDR, that is the rotational period steadily decreases along the activity cycle, jumping back to higher values at the beginning of the next cycle; on the contrary, DX Leo, k 1 Cet and HN Peg show an antisolar pattern; iii) the amplitude of the rotational period variations shows a power law dependence on the rotational period similar to that found in previous studies. Contrary to theoretical predictions, the cycle length is not correlated to the Dynamo number, it is indeed positively correlated to the SDR amplitude. More precisely, stars tend to concentrate along three different branches with the cycle length increasing with increasing ∆Ω/Ω. Moreover, we found that the SDR amplitude changes from cycle to cycle, which is reminiscent of a wave of excess rotation propagating in latitude; iiii) the apparently different solar and antisolar behaviours are probably due to different inclinations of the stellar rotation axis under which the star is seen. The long-term photometry of the young single star LQ Hya, although not included in the initial project, is also used in the present analysis to enlarge the investigated sample. We determined for LQ Hya three different starspot cycles and an antisolar pattern of SDR.
Introduction
Stars with solar-like global properties (e.g., mass, T eff , L/L ), but at different stages of evolution, are suitable to study the evolution of the Sun's magnetic activity. With this aim coordinated multiwavelength observations of several nearby, single, solar-type stars selected as proxies for the Sun from the ZAMS (Zero Age Main Sequence) to the TAMS (Terminal Age Main Sequence) have been carried out since 1990 as part of The Sun in Time project. The aim of the project is to investigate stellar activity cycles and differential rotation, to determine the evolution of the solar dynamo and magnetic activity as well as to extract the solar UV and X-ray fluxes through the Sun's post-ZAMS history (Dorren & Guinan 1994; Güdel et al. 1997; Guinan et al. 2001 ). In the first paper of this series (Messina & Guinan 2002 , hereafter referred to as Paper I) we presented the photometric observations and determined the existence of starspot cycles and of correlations between cycle length, amplitude and global stellar properties for a selected sample of six young solar analogues. In the present paper we investigate the presence of Surface Differential Rotation (SDR) and its connection with the starspot cycle in the same sample of stars, that is five young single G0-G5V stars with ages between 130 Myr Table 1 . Name and stellar properties (Cols. 1-5) of program stars and of eight additional stars, three of which with known starspot cycles and SDR and five with known cycles and SDR from CaII H&K measurements; shortest and longest observed rotation periods (Col. 6) taken from Tables 2 to 8; mean period (Col. 7) and amplitude of the surface differential rotation (Col. 8). The starspot cycle periods (P cyc ) of program stars are taken from Paper I (Cols. 9-11). In Col. 12 the sources for cycles and rotation periods of additional stars as well as the labels to identify the stars in ; 3: Gray & Baliunas (1997) ; a star with solar-like pattern of SDR; b star with antisolar pattern of SDR; c star with hybrid pattern of SDR.
and 700 Myr: EK Dra, π 1 UMa, HN Peg, k 1 Cet and BE Cet. We also include in this study the Pleiades-age ( 130 Myr) K0V star DX Leo (see Table 1 ).
A good knowledge of the SDR and of its dependence on the global stellar properties is remarkable as differential rotation is one of the key ingredients of the hydromagnetic dynamo in the generation and sustainment of stellar magnetic fields. These are thought to be responsible of all activity phenomena observed in late-type stars (see e.g. Guinan & Giménez 1992; Catalano et al. 1999; Rodonò 2000) . Moreover, observational studies of stellar differential rotation are fundamental since they provide empirical relations which allow us to test dynamo theories. In fact, also the current solar dynamo models are not capable yet to successfully reproduce the temporal and spatial properties of the magnetic fields observed at the Sun's surface (Stix 1984 ).
Since it is not possible to resolve the stellar disk, the measurements of differential rotation currently derived from stellar observations are indirect. Nonetheless, they are indicative of the conditions in the stellar interior and put significant constraints to the amplitude of the internal differential rotation, the last being the quantity used in the models.
Measurements of stellar SDR are currently obtained in different ways: from Doppler Imaging maps, by latitude-bylatitude cross-correlation analysis to pairs of surface images obtained several days apart (Vogt & Penrod 1983) ; from χ 2 landscape imaging methods Donati et al. 2000) ; from line profile analysis (Reiners & Schmitt 2002) ; from stellar butterfly diagrams, that is from the season-to-season variations of the rotational period, as measured from spectro-photometric (e.g. Ca II H&K fluxes, Wilson 1978; Baliunas et al. 1985 Baliunas et al. , 1995 Dohanue et al. 1996) or broad-band photometric observations, and correlated with the phase of the stellar activity cycle. By analogy with the solar case, such diagrams are interpretable in terms of migration of activity centers towards latitudes with different angular velocities.
The observations presented in Paper I are sufficiently time extended to use stellar butterfly diagrams to investigate the SDR. Since spots cover a limited range of latitudes the SDR amplitudes derived with this method are lower limits. Nonetheless, this method can allow us to investigate the existence of correlations with other global stellar parameters, the existence of different patterns of SDR and how they are connected with the phase of the starspot cycle.
In Sect. 2 we present the seasonal rotational periods obtained by means of the periodogram analysis. We also present the results of the pooled variance analysis we carried out to disentangle the possible effects of the active regions growth and decay (ARGD) on rotational period variations. The existence of different SDR patterns and their correlation with stellar parameters are discussed in Sect. 3, while the conclusions are presented in Sect. 4.
We refer the reader to Paper I for information on the global properties of the six stars under investigation, on the photometric observations on which the present analysis is based, as well as on data acquisition and reduction procedures.
Analysis

Periodograms
The photometric data of the six program stars were analysed using the Scargle-Press period search routine (Scargle 1982; Horne & Baliunas 1986 ) to look for the period of the photometric rotational modulation.
The results are summarized in the Tables 2-7 , where we list: time interval (HJD range) to which the photometric period refers, number of observations (N m ), photometric period (P) and its uncertainty (∆P), as derived from the method of Horne & Baliunas (1986) , and the false-alarm-probability (FAP) of the peak frequency. The last quantity estimates the probability that a peak of that height could result from a similar sample of Gaussian noise with the same variance of analysed data (cf. Horne & Baliunas 1986) . No apparent periodicity was detected in a few seasons, when the data were too few and sparse. The lack of apparent periodicity in other seasons was caused by the rather uniform longitudinal distribution of the spot centers that could not produce a coherent rotational modulation. Secondary periodicities were also searched by filtering the primary frequency modulation from the data and recomputing the periodogram for residual data, according to the prescriptions of Horne & Baliunas (1986) and Baliunas et al. (1995) . Only EK Dra showed evidence in several seasons for a significant secondary periodicity in the optical modulation, when the primary frequency was assumed to be real. Once determined the seasonal photometric period, it proved possible to select several time intervals (see Tables 3-8 of Paper I) along which the flux showed a regular modulation which could be attributed to the rotation of a stationary spot pattern on the photosphere of the star. In such a way 24 light curves were obtained for BE Cet, 18 for k 1 Cet, 35 for π 1 UMa, 92 for EK Dra, 12 for HN Peg and 53 for DX Leo.
The light curves of all program stars showed remarkable variations in shape and amplitude over different time scales. The shortest-term variability can be attributed to optical flaring, whereas the variability observed on time scales of a few rotations may be attributed to sizeable intrinsic changes of the photospheric spot pattern. The longest-term variability, which can be cyclical, is attributable to variations of the total spotted area as well as of its distribution on the stellar photosphere. It has been already analysed in Paper I by running the ScarglePress routine on the whole sequence of light curves.
Although not included in The Sun in time project, we could retrieve from the literature an extended time series of photometric observations also for the single main-sequence star LQ Hya. As done for the six program stars, we analysed the LQ Hya photometric data with the periodogram and determined new seasonal values of the rotational period (Table 8) . We also performed a new search for starspot cycles. In fact, we considered the most recent photometry presented by Berdyugina et al. (2002 and references therein) and that collected by the APT80 telescope of Catania Astrophysical Observatory (Rodonò et al. 2001; Messina et al. 2002) , which were not yet taken into account in previous starspot cycle studies. Three starspot cycles were found: P cyc1 = 3.2 ± 0.1 yr, P cyc2 = 6.2 ± 0.3 yr, P cyc3 = 11.4 ± 0.4 yr. These cycle periods are consistent with those attained by Oláh & Strassmeier (2002) and supersede the values used in Paper I. (1) primary period; (2) after filtering. 
Pooled variance
The periodogram analysis presented in Sect. 2.1 has allowed us to infer the periodic or quasi-periodic signals attributable to the rotational modulation of visibility of stable spots or spot groups in the stellar photosphere. However, a non-negligible contribution to the detected variability can derive from Active Region Growth and Decay (ARGD). It is interesting to consider the possible effect of active regions' evolution on spurious variations of the photometric period. Dobson et al. (1990) , Donahue & Baliunas (1992) and Donahue (1993) have proposed a method, the so-called pooled variance analysis, to estimate the time scale of evolution of an active region. This method is based on the analysis of the variance in photometric time series over different time scales. The variance profiles for the program stars have been computed following the Donahue's prescription (1993) . The variance profiles are plotted in Fig. 1 , while the results are summarized in Table 9 where we list: the star name (Col. 1); the mean semi-amplitudes (A ave ) of the sinusoidal fits to the observed flux modulation (Col. 2); the difference between the pooled variance computed at the time scale of rotation (σ 2 rot ) and the variance at the shortest measurable time scale (σ 2 base ), which gives the semi-amplitude A p = σ 2 rot − σ 2 base (Col. 3); the percent contribution of the rotational modulation of the optical flux over the total variance (Col. 4). The pooled variance profiles of BE Cet, π 1 UMa, EK Dra and DX Leo are similar. The contribution of the rotational modulation to the total variance ranges from 42% to 60%. The pooled variance levels off for time scales longer than the rotation period and it begins increasing again only at about log τ 2.65 (τ ∼ 450 days), log τ 2.2 (τ ∼ 160 days) and log τ 2.7 (τ ∼ 500 days) for BE Cet, π 1 UMa and EK Dra, respectively. In the case of DX Leo, the variance increase occurs at about log τ 2.4 (τ ∼ 250 days). According to the classification by Donahue et al. (1997a,b) the cited stars are stars with distinct plateau, which is the most frequent case among solartype stars. The existence of a plateau in the pooled variance profile occurring at τ greater than P rot enables us to distinguish the time scales over which the ARGD gives the strongest contribution. In the present case, the time scale at which the evolution of active regions begins to affect the variance of the observed flux ranges from 5 months ( 30 rotational periods) to 16 months ( 180 rotational periods) for π 1 UMa and EK Dra, respectively. Therefore, we are confident that the rotational periods detected by the periodogram for these stars are entirely attributable to the rotation of stable spot patterns. The maximum value of σ 2 occurs at the log τ corresponding to the activity cycle length. In the case of π 1 UMa, a secondary relative maximum is seen at log τ corresponding to the secondary activity cycle. The range in log τ beyond the rotational plateau indicates the lifetime of active regions complexes, which is of the order of months to years.
The pooled variance profiles of k 1 Cet and HN Peg differ from the previous profiles. In fact, they do not level off for time scales longer than the rotational period. The profile continues to increase monotonically in the case of k 1 Cet, while it levels off at about log τ 1.5 in the case of HN Peg. According to Donahue et al.' s classification, such stars belong to AR evolution-dominated stars, the less frequent case among solar-type stars. Such a behaviour may indicate that the active region evolution is not sufficiently distincted from the rotational period and it contributes to the pooled variance on a comparable time scale. A much steeper increase of σ 2 occurs near the activity cycle time scale. It is interesting to mention that the pooled variance profile of k 1 Cet, determined by Donahue et al. (1997a,b) and based on Mt. Wilson CaII H&K measurements, has a plateau. k 1 Cet was accordingly classified as a star with distinct plateau with a time scale of 90 days for the onset of a contribution of ARGD to the total variance. Figure 2 shows the variance profile of LQ Hya. This star results to be AR evolution-dominated with a variance profile similar to the HN Peg's profile. The value of σ 2 increases monotonically for time scales longer than the rotation period. The profile has a plateau starting from log τ 1.3 and relative maxima corresponding to the three starspot cycles. 
Discussion
Surface differential rotation patterns
The quasi-periodic brightness variations on time scales of the order of the rotational period can be thus attributed to the photospheric starspot centers whose visibility is modulated by the stellar rotation. The modulation period marks the angular velocity of the latitudes at which the starspot activity is predominantly centered. By analogy with the solar case, the year-toyear variations of the rotational period can be attributed to the migration of stellar activity centers towards latitudes possessing different angular velocity. Such migration is caused by the internal radial shear to which the observed latitudinal shear is coupled as assumed e.g. in the α − Ω dynamo. To date the most extensive observational study of SDR is based on rotational period variations derived from CaII H&K flux measurements at Mt. Wilson (Donahue 1993; and references therein). Evidence of SDR is found in 37 stars (including the Sun), over a sample of nearly 100 lower main-sequence stars . The amplitude of the rotational period variations is found to be dependent on the mean period with a power law and to be independent of the mass. The extended time series of Ca II H&K fluxes measurements have revealed for the first time the existence of stellar butterfly diagrams and allowed us to investigate the correlation between the patterns of such period variations and the level of activity or, when present, the activity cycle phase. Twenty stars out of 37 show different patterns of rotational period variations. These are classified by Donahue & Baliunas (1994) into four different categories: 1) stars with solar-like (or β Com-like) pattern, such as β Com (Donahue & Baliunas 1992 ) and HD 160346 ; 2) stars with antisolar pattern, such as HD 10476 ; 3) stars with switching patterns (from solar to antisolar or the reverse at about middle cycle phase) ; 4) stars with two well-separated active latitudes, such as χ 1 Ori (Donahue & Baliunas 1994) . The remaining 15 stars do not show any recognizable pattern, although four of them have well-defined cycles.
Another observational study of SDR based on long-term photometry has been presented first by Hall (1991) . He analysed a sample of 86 variable stars of different types (including the Sun) and determined rotational period variations from O−C plots, where "O" is the observed time of light minimum and "C" is the time computed with an arbitrarily assumed rotational period. He found that the amplitude of SDR is correlated with the rotational period by a power law (rapidly rotating stars approaching solid-body rotation) and with the lobe-filling factor (less differential rotation for stars which nearly fill their Roche lobes). Henry et al. (1995) extended the analysis to a larger sample of 90 stars, including as single main-sequence stars only the Sun, Eri and likely HD 191011. The existence of a correlation between rotational period variations and longterm brightness changes was detected in five stars (four binaries and one subgiant star).
The extended time series of photometric data collected as part of The Sun in time project allows us to investigate in a selected sample of single solar-type stars the existence of those SDR patterns already detected by Donahue from Ca II H&K fluxes measurements and by Henry et al. from O−C plots in binary and subgiant stars. In such a way analogies and/or differences with respect to the solar case and to binary stars can Table 1 are plotted vs. the mean rotational period. Bullets, asterisks and pluses denote solar, antisolar and hybrid SDR patterns, respectively. Capital letters identify the targets according to Table 1 . The continuous line is a power law fit to the whole sample, while the dotted line is a power law fit to G-type stars only. be investigated. Preliminary results based on photometric data were presented by Messina et al. (1999) and Messina & Guinan (2001) .
In Figs. 6-12 (top panels) we plot the time sequence of V-band magnitudes of the program stars. Dots are nightly averaged observations and diamonds are mean magnitudes computed from individual light curves (V max + V min )/2. Continuous lines are sinusoidal fits to the data according to the cycle periods listed in Table 1 ( In the case of BE Cet and π 1 UMa (Figs. 6 and 7) the rotational period tends to decrease steadily during each cycle, jumping back to a higher value at the beginning of a new cycle. This is reminiscent of the sunspot cyclic behaviour, where the latitude of spot formation moves toward the equator, i.e., toward progressively faster rotating latitudes along an activity cycle, thus producing a decrease in the photometric period. However, the rotational period measurements of π 1 UMa are at present limited to less than two cycles and future observations are needed to confirm the solar-like behaviour. In the case of EK Dra (Fig. 8 ) the periodogram analysis detected the presence of a secondary rotation period in several seasons, as mentioned in Sect. 2.1. Both periods tend to decrease steadily during 17 yr of observations. The two contemporary rotational periods are likely to be due to the presence of two long-lived active regions at different latitudes with different angular velocities because of the differential rotation regime. The period variations seem to be correlated with the long-term photometric variation. On the basis of a recent study of long-term photometry on Sonneberg sky-patrol plates (Fröhlich et al. 2002) , this long-term variation may be a segment of a cycle longer than half a century. If this is the case, EK Dra would display a solar-like behaviour. k 1 Cet, HN Peg and DX Leo (Figs. 9 to 11) show an antisolar pattern, where the rotational period tends to increase steadily during each cycle, jumping back to a lower value at the beginning of a new cycle. In the case of k 1 Cet, we have to date measurements of the rotational period along one starspot cycle only, while in the case of HN Peg the last rotational period measured at the epoch 1998.23 seems to confirm the suspected antisolar behaviour. It is important to remember that the pooled variance analysis has shown that for k 1 Cet and HN Peg the ARGD may affect the value of the rotational period. Therefore, on the basis of the available relatively sparse rotational period data and of the pooled variance analysis, we reserve to confirm the antisolar behaviour of these two stars with future observations. On the contrary, in the case of DX Leo (Fig. 11) the number of observed starspot cycles is sufficient to confidently classify its behaviour as antisolar. LQ Hya (Fig. 12) has a rotational period which varies in phase with the 6.2-yr starspot cycle and with a clear antisolar behaviour. It is remarkable that a regular and photometrically detectable pattern of SDR persists, although three cycles with similar amplitude (0.02 mag) and different period superimpose each on other.
It is also interesting to note that the slope of the rotational period variations and, therefore, the amplitude of SDR changes from cycle to cycle. Such behaviour is evident for BE Cet and best visible for DX Leo and LQ Hya whose photometric monitoring cover several cycles. Such behaviour, already observed in AB Dor ) from spectroscopic data, resembles a wave of excess rotation on a time scale of the order of decades. However, the observed variation of the slope from cycle to cycle may as well as be caused by a variation of the width of the latitude band in which spots occur.
One of the most remarkable results derived from this analysis is the indirect evidence (since the stellar disk is not spatially resolved), also from photometric data, that solar-type stars can display an antisolar pattern of SDR in the sense of rotational periods steadily increasing during the starspot cycle. In the case of the Sun, the migration of active regions is regarded as a consequence of the latitudinal migration of a dynamo wave propagating in a shell near the base of the solar convective zone. The direction of migration is related to the sign of the product of the radial gradient of the angular velocity in the shell ∂Ω ∂r by the parameter α, which measures the intensity of the regeneration of the poloidal field component by cyclonic convection (Moffatt 1978) 1 . In the Sun the sign of α ∂Ω ∂r , at low and intermediate latitudes, is such as to produce an equatorialward migration of the dynamo wave (Stix 1976) . Such a migration, in association with the increase in the angular velocity toward the equator ( ∂Ω ∂φ < 0, where φ is the latitude), is responsible of the decrease in the rotational period of the active regions of the Sun versus increasing cycle phases, i.e toward the activity maximum.
In order to explain the antisolar behaviour observed in stars with Sun-like global properties, a different pattern of the differential rotation (or of the α effect) might be invoked, i.e. a poleward acceleration of the surface differential rotation. However, it is also possible to propose an interpretation in terms of high latitude starspot activity with the same internal differential rotation pattern of the Sun. Specifically, helioseismic observations show that the radial gradient at the base of the convective zone 1 In the present discussion we shall assume that any possible meridional flow does not affect significantly the migration of the dynamo wave in the Sun and active stars. ∂Ω ∂r changes sign for φ > 40
• (e.g., Kosovichev 1996) . The solar dynamo is not strong enough to produce spot activity at latitudes φ > 40
• , but in more active stars the dynamo may be expected to amplify significantly the toroidal field up to subpolar latitudes (e.g., Tobias et al. 1997; Belvedere et al. 1998 ). The high latitude spot belts (φ > 40
• ) will migrate toward the pole, because the sign of α ∂Ω ∂r is opposite to that in low latitudes (φ < 40
• ), and if the rotation axis of the star is inclined with respect to the line of sight, the high latitude spots may well dominate the optical modulation producing an increase in the photometric period with the activity cycle phase.
Evidence of periodic variations of the rotational period correlated with the starspot cycle phase are also found in binary stars, e.g. in the RS CVn-type star II Peg , which displays a solar-like SDR pattern. An undergoing study, based on long-term photometry of binary stars (Rodonò et al. 2003) and carried out in a consistent way as that used in the present analysis, will allow us to investigate analogies and/or differences with respect to the case of single main-sequence stars.
Correlation with stellar parameters
In order to perform a more robust analysis of the correlation between SDR and global stellar properties, we searched the literature for other stars with known cycles and contemporary seasonal rotational period determinations. Eight stars were found to satisfy our requirements: AB Dor, 107 Psc, 61 UMa, β Com, HD160346, 15 Sge and the Sun. These stars are listed in Table 1 with indication of the type of database (photometry or CaII H&K fluxes) from which the activity cycle and the rotational period are determined. Actually, 61 UMa has not a detectable cycle but only a long-term trend and is the only star in our sample which displays a hybrid pattern of SDR, that is it is not possible to clearly identify a solar or an antisolar behaviour.
Dynamo models make assumptions on the dependence of SDR on the stellar rotational period. Such assumptions differ on the basis of the hypotheses and physical effects they try to parameterize. Our attention is presently focused on Kitchatinov & Rüdiger's (1999) models, according to which a positive correlation exists between the absolute value of SDR and the stellar rotation period according to a power law Kitchatinov & Rüdiger (1999) found that the power index n is neither constant with rotation rate nor with spectral type. More precisely, n decreases vs. faster rotation regimes (from n = 2.56 for the solar rotation to n = 2 for P rot = 1 d) and it is smaller for K5-stars as compared to G2-stars. This power law dependence is confirmed by observational data, although the observational and theoretical values of the power index differ. Figure 3 shows the amplitude ∆P(= P max − P min ) of the rotational period variations vs. the mean rotation period for our sample totalling 14 targets with known activity cycles and SDR. Different symbols denote the solar (bullets), antisolar (asterisks) or hybrid (pluses) SDR patterns, while capital letters identify the targets according to Col. 12 of Table 1 . We found a power law dependence with index n = 1.42 ± 0.5 (continuous line in Fig. 3 ) in fair agreement with the observational value n = 1.30 reported by and n = 1.15−1.30 by Rüdiger et al. (1998) . The agreement is even better when we consider that the ∆P values are lower limits and those we determined for pole-on stars are underestimated more than for equator-on stars. In fact, in almost pole-on stars low-latitude spots are not visible and high-latitude spots determine almost flat light curves; therefore, the photometric rotational period can be determined from spots within a latitude range more limited than in almost equator-on stars, whose spots are visible at all latitudes. Therefore, if we assume that antisolar stars (asterisks in Fig. 3 ) are almost pole-on stars, their values are more underestimated than the values represented by the bullets. We found n = 1.30 by increasing ∆P for antisolar stars by ∼10%
The disagreement between the observational (n = 1.15-1.30) and the theoretical (n > 2) values are attributed by Kitchatinov & Rüdiger (1999) to the different spectral types present in Donahue et al.'s sample (1996) . However, if we select the G-type stars only from our sample, the corresponding power index (dotted line in Fig. 3 ) slightly changes to the value n = 1.08, making the disagreement even larger. Consistently with the theoretical predictions, we find that the SDR amplitude for K-type stars is smaller if compared to G-type stars.
The α−Ω dynamo theory makes predictions also on the dependence of the cycle frequency (ω cyc ) on the Dynamo Number (D), which is the most important parameter controlling the magnetic field generation and evolution in mean field dynamo models. The cycle frequency (ω cyc ) is expected to scale with D as
The value of the m index depends on the type of dynamo which is supposed to operate. For example, m is between 1/3 (Noyes et al. 1984 ) and 1/2 (Moss et al. 1990 ) in standard distributed dynamos. The dependence on D becomes very weak, the value of m decreasing down to 1/6 (see Brandenburg et al. 1994) in the case of an overshoot layer dynamo. The m index varies also according to the nonlinearities introduced in the model (e.g., α-quenching or flux-loss).
The newly determined values of cycle frequency from Paper I and the relative amplitudes of SDR here presented, along with those already known from previous studies (see Table 1 ), enable us to check the validity of Eq. (2) on observational ground, more precisely, by a semi-empirical determination of the Dynamo Number.
We adopt the definition of Brandenburg et al. (1994) for the Dynamo Number 
The values of τ c , l = αH p and R are computed from Girardi et al.'s (2000) models.
As shown in Fig. 4 , ω cyc and D appear to be very poorly correlated nor the dependence predicted in Eq. (2) can be certainly inferred from these observational data. When we consider the high level of parameterization, it should not be surprising that models are able to reproduce empirical relations as Eq. (1), while they fail to predict relations between other observational quantities under the same assumptions.
Actually, the quantity we found to be highly correlated to the cycle frequency is the relative surface differential rotation amplitude (∆Ω/Ω). Figure 5 shows cycle frequency (ω cyc ) vs. ∆Ω/Ω. We can see that the cycle frequency increases with increasing SDR amplitude and stars seem to concentrate along three different branches. The best fit to data is given by exponential laws Table 1 ). No significative difference was found in the results when we tried to increase the ∆Ω values of antisolar stars by ∼10% as already discussed.
On the basis of these observational results, the Dynamo number does not appear to be the best parameter to describe the magnetic field generation, at least in the α − Ω dynamo formulation. The magnetic amplification mechanism, that is the differential rotation in the form ∆Ω/Ω, seems to be the key parameter controlling the duration of the magnetic cycle.
Since stars with solar (bullets) or antisolar (asterisks) patterns generally behave in the same manner as shown in Figs. 3-5, the same type of dynamo may operate in these apparently different classes of stars. Therefore, a different angle of sight from which these stars are observed from Earth seems to be the only and most reasonable explanation (see. Sect. 3.2) for the different shape in the correlation between the cycle phase and cyclic rotational period variations. More precisely, solar patterns are observed in almost equator-on stars, antisolar pattern in almost pole-on stars. Unfortunately, we have no photometric data to interpret the hybrid behaviour shown by the star 61 UMa.
Conclusions
Extended time series of high precision photometric measurements can provide relevant information on the presence and characteristics of the surface differential rotation in late-type stars. The analysis we performed on a sample consisting of six young solar analogues, observed as part of The Sun in Time, and of eight additional single main-sequence stars, with known activity cycles and SDR amplitude, allowed us to infer the following results:
-All the targets show changes in the seasonal rotational periods. Such changes are strictly periodic and in phase with the starspot cycle for BE Cet, DX Leo and LQ Hya. Such changes are also probably both periodic and in phase with the starspot cycle in the case of π 1 UMa, EK Dra and HN Peg. However, the rotational period measurements for these stars are at present sparse and limited to less than two starspot cycles. Future observations are needed to confirm the expected behaviour. In the case of k 1 Cet, the rotational period variations are in phase with the starspot cycle, but limited to only one cycle. It is not yet possible to assess the SDR pattern of this star.
-The pooled variance analysis shows that BE Cet, π 1 UMa, EK Dra and DX Leo are stars with distinct plateau and with time scale of evolution of the active regions ranging from 5 to 16 months. k 1 Cet, HN Peg and LQ Hya are AR evolution-dominated stars with time scale of evolution of the active regions comparable to the rotation period.
-The rotational period changes are consistent with the presence of SDR and attributable to the migration of the activity centers during the activity cycle toward latitudes shearing different angular velocities. Figures 6-12 show the existence of two different patterns of correlation between the starspot cycle phase and the rotational period variations: i) a solar-like pattern for BE Cet, π 1 UMa, EK Dra, which is reminiscent of the solar behaviour; ii) an antisolar-like pattern for DX Leo, LQ Hya, HN Peg and for k 1 Cet to be confirmed.
-The rotational period variations (∆P) scale with rotational period according to a power law with exponent n = 1.42, which is in fair agreement with the results of previous studies. The agreement is even better (n = 1.30) when we consider that the ∆P values of antisolar stars may be underestimated by a ∼10% more than the values of solar stars. The new estimates of cycle period presented in Paper I and the new values of SDR amplitude allowed us to find that the cycle frequency is correlated to high degree to the relative amplitude of the SDR. Stars tend to concentrate along three branches according to an exponential law with coefficient b = −0.05. The lack of correlation with a semiempirically determined Dynamo Number seems to indicate that the differential rotation, and therefore the magnetic field amplification mechanism, is the key quantity controlling the activity cycle period rather than the turbulent diffusion.
-No difference is observed among stars with solar and antisolar SDR patterns for what concerns the correlations between the amplitude of the period variation and the rotation period or between the cycle frequency and the relative surface differential rotation amplitude. The apparently different solar and antisolar behaviours are probably due to a different inclination of the stellar rotation axis: almost equator-on stars show a solar SDR pattern; almost pole-on stars show an antisolar SDR pattern.
